


Figure 2. A: Plate-tectonic setting of gold mineralization during ridge subduction in southern Alaska accretionary prism. Kula-Farallon ridge
location is constrained by ages of near-trench intrusions (Bradley et al., 1993). Asterisk refers to northward translation of accretionary prism
inferred by paleomagnetic data. See Bol et al. (1992) for discussion. B: Schematic cross section across accretionary prism showing processes
involved during ridge subduction and gold mineralization. Cross section assumes ridge is at high angle to trench.

veins are similar to those from veins typical
of medium-grade metamorphic environ-
ments throughout the world. The consis-
tency of these data led Goldfarb et al. (1986)
to propose that the mineralizing fluids were
a product of regional metamorphism which
affected rocks beneath the level of current

exposure.

than 100 km seaward of the magmatic arc
(Forsythe et al., 1986).

In southern Alaska, a plot of intrusion age
vs. position along strike shows that near-
trench magmatism progressed from about
66-63 Ma in the west to about 50 Ma in the
east (Fig. 1; see also Bradley et al., 1993).
The age progression along the accretionary
prism suggests migration of a trench-ridge-
trench triple junction; it cannot be explained
by other models for magmatism such as
spontaneous melting of accreted flysch or
subduction of a hot spot.

fered from one or more of the following:
contamination with another mineral phase,
small size, and/or low radiogenic yield, but
valid approximations of the ages of these
gold occurrences could still be made.

The dated gold occurrences define a trend
of older to the west and younger to the east
(Fig. 1 and Table 1). Despite some scatter
the dated gold occurrences follow the same
eastward-younging age progression as crys-
tallization and nearly identical cooling ages
on large and small near-trench plutons.
Therefore, we propose that gold mineraliza-
tion in southern Alaska was a consequence
of ridge subduction.

MODEL FOR RIDGE-SUBDUCfION-
RELATED GOLD DEPOSITS IN
SOUTHERN ALASKA

A fundamental requirement for generat-
ing a lode-gold deposit is a heat source. The
heat source must be latge enough to mobi;.
lize fluids that will scavenge gold from suit-
able source rocks and later deposit the gold
in lodes at appropriate pressure (P) and
temperature (T) conditions. Ridge subduc-
tion and processes associated with heat
transport in this tectonic setting are favor-

able for gold mineralization.
During ridge subduction, a slab window

opens-an area in which relatively hot as-
thenospheric mantle is in contact with the

base of the cold and wet accretionary prism
(Fig. 2). In southern Alaska, the resulting
thermal anomaly caused (1) localized high-T,
low-? metamorphism (Hudson, 1982; Sisson
et al., 1989), and (2) partial melting of ac-
creted sediments leading to intrusion of

granitoids (Hudson et al., 1979) (Fig. 2).
Metamorphism of sediments to amphibolite
facies (Sisson et al., 1989) involved desul-
fidization reactions, which we suggest added
gold-complexing sulfur species to the evolv-

ing H2O-CO2 fluids. The liberated gold-

GEOCHRONOLOGY
To better determine the timing of gold

mineralization with respect to numerous
dated near-trench intrusions (Bradley et al.,
1993; Fig. 1), we obtained 12 4°Ar/39Ar
dates on micas at lode-gold occurrences,
and four 40 Ar/39 Ar dates on micas from host

or nearby intrusions (Table 1, and table and
diagramsl). We used analytical methods de-
scribed in Snee et al. (1988) and in GSA
Data Repository item 95XX.1 Three K-Ar
dates (Silberman et al., 1981; Winkler et al.,
1981) and five of our 4OAr/39Ar dates with-
out data have previously been reported for
the gold deposits (Borden et al., 1992; Tay-
lor et al., 1994); near-trench intrusion ages
are summarized in Figure 1 and in Bradley
et al. (1993).

Half of our samples from gold occur-
rences have well-defined plateaus; these
analyses had good radiogenic yields, and
39 Ar/37 Ar ratios consistent with derivation

from white mica. In these cases, we interpret
the plateau age as the age of mineralization
(Table 1 and Fig. 1). The other samples suf-

EARLY TERTIARY RIDGE
SUBDUCTION IN SOUTHERN ALASKA

A fundamental feature of plate recon-
structions for the North Pacific basin in early
Tertiary time is subduction of the Kula-Far-
allon spreading ridge beneath North Amer-
ica (Atwater, 1989). In these reconstruc-
tions, the position of the trench-ridge-trench
triple junction of the Kula, Farallon, and
North American plates has been conjectural.

The Sanak-Baranof belt of near-trench
plutons provides strong evidence for the
former location of a triple junction in south-
ern Alaska (Bradley et al., 1993; Sisson and
Pavlis, 1993). Petrogenetic, isotopic, and
geochemical studies of the granodiorite,
granite, and tonalite plutons indicate that
basaltic underplating led to melting of the
fiysch (Hudson et al., 1979; Hill et al., 1981;
Barker et al., 1992; Harris et al., 1992). The
plutons intruded strata within a few million
years of their incorporation into the accre-
tionary complex, while a magmatic arc was
active a few hundred kilo metres landward
(Platker et al., 1994).

Near-trench magmatism is the hallmark
of ridge subduction (Sisson et al., 1994). In
the Solomon Sea where the Woodlark
spreading center is being subducted beneath
the New Britain arc, submarine volcanoes
dot the fore arc and even the trench floor
(Taylor and Exon, 1987). Similarly, where
the Nazca-Antarctic ridge is being sub-
ducted at the Chile Trench, Pliocene near-
trench plutons and hot springs occur more

IGSA Data Repository item 9549, 40 Ar/39 Ar

data and Ar release spectra diagrams, is avail-
able from Documents Secretary, GSA, P.O. Box
9140, Boulder, CO 80301.
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TABLE I. AGES OF GOLD MINERALlZAnON IN THE ACCRETIONARY PRISM
IN S~~RN AND SOUTHEASTERN ALASKA

while mica This study

Emplacement ages of gold mines and prospects

Pan Dick 920 573:!:01 4OAr!39Ar

prospect

Beauty Bay 960 55.6:!:0.1 4OAr!39Ar

mine

Beauty Bay 960 55.9:!:0.1 mine

clear mica This study

4OArf39 Ar gold- This study
colored

mica
white mica This study4OAri39ArThunder Bay

gold
occurrence

Kenai Star

mine

Kenai Star

mine

Jewel mine

990 52.9 :t0.1

Felsic dike in McHugh Complex; small sample (10.6 mg). date based
on single step of analysis with 67.8% of 39 Ar released, and radiogenic

yield of 86.6%.
Valdez Group rocks; plateau date, 39 Ar'37 Ar ratios (96-474) consistent

with white mica. good radiogenic yields.

Valdez Group rocks; preferred date is based on the average of the two
steps with the highest radiogenic yield (958% and 94.9%) which
comprises 37.2% of the 39 At released.

Polymetallic gold-sulfide vein that cuts a granitic intrusion in Valdez

Group; good radiogenic yields. very flat plateau.

1090 52.7% 1.6 K-Ar whole rock Silbennan Hydrothermally altered, mineralized relsic dike that cuts the Valdez

et aI., 1981 Group.

K-Ar musco-vite Silbennan Felsic dike with mineralized quartz vein that cuts the VaIdez Group.

et aI., 1981

40 Arl39 Ar white mica

1105

1150 54.3:tO.l

4OArf39Ar1170Granite mine

This study Valdez Group rocks; plateau date, 39Atl37Armtios (149-1902)
consistent with white mica. good "ldiogenic yields.

white mica This study Hydrothermally altered granite that cuts Valdez Group; -30% of mica
was light green (chi?). argon loss spectrum. no ~Iateau, age probably
older than the age of the oldest step with high 3 Atl37 At.

) Hydrothermally altered granite that cuts Valdez Group; plateau date,
high radiogenic yields. minor apparent argon loss, possibly due to
observed plagioclase contamination of mineral separate-

) Hydrothermally altered granite that cuts the Valdez Group; argon loss
spectrum suggests that age is probably older than the age of the oldest
step with a high 39 Ar/37 Ar (=155).

Winkler et From Ruff and Tuff. not Gold King prospect as originally reponed.
al..1981

This studyt

1190Homestake
mine

53.7:tO.l 4OAr/39Ar while mica This stud,

1290Ruff and Turf

mine

40 Atl39 At while mica This stud,

Ruff ;lnd Tuff

mine

El Nido mine

K-Ar

40 Ar!39 Ar2010 sericite

4OArf39Ar2010 52.1 :to. musco-vite This study

4OAtf39AtApex mine This stud'

Cretaceous dioritic pluton; humped spectra date is total-gas date with
large assigned error. to reflect low confidence in analysis.

Cretaceous dioritic pluton; plateau date. 39 Arp7 Ar ratios (>298)

consistent with white mica, good radiogenic yields

Cretaceous dioritic pluton; plateau date. good radiogenic yields.

Lucky Chance
mine

49.4 :t0.5 white mica This study4OAr!39Ar Sitka Graywacke; small sample (5 mg), date based on single step of
analysis with 95.1% of 39 Ar released, and poor radiogenic yield of

45.5%

,oling ages of intrusions near gold mineral occurrences

Thunder Bay 990 53.7 :to I 4OAr!39Ar biotite

Granitic sill

This stud]

4OArf39ArGranite at

Granite mine

1170 56:t This study

4OArJ39ArCrow Pass
felsic intrusion
(near Jewel

mine)
Granite at
Homestake
mine

50 541 to. white mica This study

Plateau date. good radiogenic yields. slightly disturbed spec(rum
indicating some chlorite containination. but date is about the same as
an isochron or a total gas date.
Disturbed spectrum. possibly due to 39 Ar recoil, chlorite present. date is

weighted average with a large assigned error 10 reflect loW confidence
in the analysis
Plateau date, minor apparent argon loSS, mica analyzed was Ca-rich
from raw 39 Ar data, date is a cooling age

4OAri39Ar190 while mica This study Plateau date, minor apparent argon loss, mica analyzed was Ca-rich,

good radiogenic yields. date is a cooling age

As used by Bradley el al. (1993).
Dales were originally published in Borden el al 1992) and Taylor et 01. (1994), data are published for lhe first lime in Data Repository item 9549

structures host economic ore concentra-
tions, and small-scale brittle structures do
not. The Chichagof district in southeast
Alaska lies along the lengthy Border Ranges
fault system and produced >24900 kg
(800000 oz) gold. In the Chugach and Kenai
mountains of south-central Alaska, none of
the widespread veins in brittle faults and

fractures produced more than 1550 kg

(50000 oz) gold.
Gold-vein mineralogy, isotopic signa-

tures, and fluid-inclusion measurements are
typical of mesothermal gold deposits and
are consistent over a very wide area (Gold-
farb et al., 1986). The compositions of the

fluid inclusions in the gold-bearing quartz

plutons or their aureoles, many veins cut tur-
bidites far from large intrusions.

Gold-bearing quartz veins were emplaced
in steeply dipping brittle faults and fractures
after regional deformation and metamor-
phism of host rocks, and after intrusion of

granitoids (Mitchell, 1979; Stuwe, 1986;
Goldfarb et al., 1986). Large-scale brittle
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bearing fluids may have been driven upward
by thermal expansion of pore fluids and
probably by tectonic forces. FIuid-pressure
fluctuations resulted in hydraulic fracturing
and episodic fluid flow above the brittle-duc-
tile transition. These fractures developed
into faults that may have accommodated
strain caused by the high topography of the
underthrust ridge. Gold-bearing quartz
veins were then deposited as fluid pressures
dropped. In addition, the rise of anatectic
melts would have resulted in advective heat
transport and associated hydrothermal fluid
flow. This would lead to gold mineralization
that consistently postdates emplacement of
near-trench intrusions. The variation of iso-
topic ages between near-trench plutons and
nearby gold occurrences suggests that hy-
drothermal systems were active for up to a
few million years.

",-

APPLICABILITY OF THE MODEL
Trench-ridge-trench triple junctions in-

variably produce slab windows. A trench-
ridge-transform triple junction also gener-
ates a slab window and is essentially a
special case of a trench-ridge-trench triple
junction. The Mendocino trench-ridge-
transform triple junction has migrated
northward for the past -29 m.y. (Atwater,
1989), leaving in its wake a region of high
heat flow, volcanism, hot springs, and epi-
thermal Hg-Au mineralization (Donnelly-
Nolan et al., 1993). All of these effects can
be attributed to heating the base of the con-
tinental lithosphere (Furlong et al., 1989).
We suggest that similar shallow-level ore
systems may have existed above the now-
exposed veins in southern Alaska prior to

uplift.
Except for Alaska and California, we are

unaware of any other reported instances
where gold mineralization can be directly at-
tributed to a migrating slab window. A key
for identifying such a tectonic setting would
be the recognition of widespread, and prob-

ably diachronous, magmatism in ancient
fore-arc settings. Slab windows form inevi-
tably by plate motions at trench-ridge-
trench and trench-ridge-transform triple
junctions, and should have been even more
common in the Archean, when there were
perhaps five times as many plates and 10
times as many triple junctions as there are
today (Abbott and Menke, 1990). Although
many ancient lode-gold deposits have been
broadly linked to collisional orogeny, some
other deposits, Precambrian and Phanero-
zoic, may be more specifically linked to a
slab window. For example, the Mother Lode
region of California and the Westland gold
district in New Zealand formed in fore-arc

regions during enigmatic episodes of anom-
alous hydrothermal and magmatic activity.

southwest Alaska: Journal of Geophysical
Research, v. 86, p. 10,569-10,590.

Hudson, T., 1982, Paleogene metamorphism in an
accretionary flysch terrane, eastern Gulf of
Alaska: Geological Society of America Bul-
letin, v. 93, p. 1280-1290.

Hudson, T., Plafker, G., and Peterman, Z. E.,
1979, Paleogene anatexis along the Gulf of
Alaska margin: Geology, v. 7, p. 573-577.

Mitchell, P. A., 1979, Geology of the Hope-Sun-
rise (gold) mining district, north-central
Kenai Peninsula, Alaska [M.S. thesis]: Palo
Alto, California, Stanford University, 122 p.

Plafker, G., Moore, J. C., and Winkler, G. R.,
1994, Geology of the southern Alaska mar-
gin, in Plafker, G., and Berg, H. C., eds., The
geology of Alaska: Boulder, Colorado, Geo-
logical Society of America, Geology of North
America, v. 0-1, p. 389-449.

Silberman, M. L., Mitchell, P. A, and O'Neil,
J. R., 1981, Isotopic data bearing on the or-
igin and age of the epithermallode gold de-
posits in the Hope-Sunrise mining district,
northern Kenai Peninsula, Alaska: U .S. Ge-
ological Survey Circular 823-B, p. B81-B84.

Sisson, V. B., and Pavlis, T. L., 1993, Geologic
consequences of plate reorganization: An ex-
ample from the Eocene southern Alaska fore
arc: Geology, v. 21, p. 913-916.

Sisson, V. B., Hollister, L. S., and Onstott, T. C.,
1989, Petrologic and age constraints on the
origin of a low-pressure/high-temperature
metamorphic complex, southern Alaska:
Journal of Geophysical Research, v. 94,
p. 4392-4410.

Sisson, V. B., Pavlis, T. L., and Prior, D. J., 1994,
Effects of triple junction interactions at con-
vergent plate margins: GSA Today, v. 4,
p. 248-249.

Snee, L. W., Sutter, J. S., and Kelly, W. C., 1988,
Thermochronology of mineral deposits-
Dating the stages of mineralization at Pa-
nasqueira, Portugal, by high-precision 4(JAr/
39 Ar age spectrum techniques on muscovite:

Economic Geology, v. 83, p. 335-354.
Stuwe, K., 1986, Structural evolution of the Port

Wells gold mining district, Prince William
Sound, south central Alaska: Implications
for the origin of the gold lodes: Mineralium
Deposita, v. 21, p. 288-295.

Taylor, B., and Exon, N. F.,1987,An investigation'
' of ridge subduction in the Woodlark-Sol-
'I omons region: Introduction and overview, in

Taylor, B., and Exon, N. F., eds., Marine ge-
ology, geophysics, and geochemistry of the
Woodlark Basin-Solomon Islands: Houston,
Texas, Circum-Pacific Council for Energy
and Mineral Resources Earth Science Series,
v. 7, p. 1-24.

Taylor, C. D., Goldfarb, R. J., Snee, L. W., Gent,
C. A., Karl, S. M., and Haeussler, P. J., 1994,
New age data for gold deposits and granites,
Chichagof mining district, SE Alaska: Evi-
dence for a common origin: Geological So-
ciety of America Abstracts with Programs,
v. 26, no.7, p. A140.

Winkler, G. R., Miller, R. J., MacKevett, E. M.,
Jr., and Holloway, C. D., 1981, Map and sum-
mary table describing mineral deposits in the
Valdezquadrangle, southernAlaska: U.S. Ge-
ological Survey Open-File Report 80-892-B,
2 sheets, scale 1:250000.

ACKNOWLEDGMENTS
We thank J. Sisson and an anonymous reviewer

for reviews; A. Till and W. Nockleberg for review
of a draft; and S. Harlan, R. Yeoman, and B.
Cieutat for assistance with dating and mineral

separations.

REFERENCES CITED
Abbott, D., and Menke, W., 1990, Length of the

global plate boundary at 2.4 Ga: Geology,
v. 18, p. 58-61.

Atwater, T., 1989, Plate tectonic history of the
northeast Pacific and western North Amer-
ica, in Winterer, E. L., et al., eds., The east-
ern Pacific Ocean and Hawaii: Boulder, Col-
orado, Geological Society of America,
Geology of North America, v. N, p. 21-72.

Barker, F., Farmer, G. L., Ayuso, R. A., Plafker,
G., and Lull, J. S., 1992, The 50 Ma grano-
diorite of the eastern Gulf of Alaska: Melting
of the accretionary prism in the forearc:
Journal of Geophysical Research, v. 97,
p. 6757-6778.

Bol, A. J., Coe, R. S., Gromme, C. S., and Hill-
house, J. W., 1992, Paleomagnetism of the
Resurrection Peninsula, Alaska: Implica-
tions for the tectonics of southern Alaska and
the Kula-Farallon Ridge: Journal of Geo-
physical Research, v. 97, p. 17,213-17,232.

Borden, J. C., Goldfarb, R. J., Gent, C. A., Bur-
russ, R. C., and Roushey, B. H., 1992, Geo-
chemistry of lode-gold deposits, Nuka Bay
district, southern Kenai Peninsula: U.S. Ge-
ological Survey Bulletin 2041, p. 13-22.

Bradley, D. C., Haeussler, P. J., and Kusky, T. M.,
1993, Timing of early Tertiary ridge subduc-
tion in southern Alaska: U.S. Geological Sur-
vey Bulletin 2068, p. 163-177.

Donnelly-Nolan, J. M., Burns, M. G., Goff, F. E.,
Peters, E. K., and Thompson, J. M., 1993,
The Geysers-Clear Lake area, CA: Thermal
waters, mineralization, volcanism, and geo-
thermal potential: Economic Geology, v. 88,
p. 301-316.

Forsythe, R., Nelson, E. P., Carr, M. J., Kaeding,
M. E., Herve, M., Mpodozis, C., Soffia, J. M.,
and Harambour, S., 1986, Pliocene near-
trench magmatism in southern Chile: A pos-
sible manifestation of ridge collision: Geol-
ogy, v. 14, p. 23-27.

Furlong, K. P ., Hugo, W. D., and Zandt, G., 1989,
Geometry and evolution of the San Andreas
fault zone in northern California: Journal of
Geophysical Research, v. 94, p. 3100-3110.

Goldfarb, R. J., Leach, D. L, Miller, M. L., and
Pickthorn, W. J., 1986, Geology, metamor-
phic setting, and genetic constrains of epige-
netic lode-gold mineralization within the
Cretaceous Valdez Group, south-central
Alaska, in Keppie, J. D., et al., eds., Turbid-
ite-hosted gold deposits: Geological Associ-
ation of Canada Special Paper 32, p. 87-105.

Haeussler, P. J., and Bradley, D. C., 1993, Map
and compilation of structural data from lode-
gold mineral occurrences in the Chugach-
Prince William terrane of southern Alaska:
u.s. Geological Survey Open-File Report
93-325, 1 sheet, 53 p., scale 1:500000.

Harris, N. ~., Sisson, V. B., Wright, J. E., and
Pavlis, T. L., 1992, Geochemical evidence for
mafic underplating during forearc intrusive
activity associated with Eocene accretion,
eastern Chugach Mountains, Alaska: Geo-
logical Society of America Abstracts with
Programs, v. 24, no.7, p. A43.

Hill, M., Morris, J., and Whelan, J., 1981, Hybrid
granodiorites intruding the accretionary
prism, Kodiak, Shumagin, and Sanak Islands,

Manuscript received May 16, 1995
Revised manuscript received August 16, 1995
Manuscript accepted August 22, 1995

998 Printed in U.S.A. GEOLOGY, November 1995




